The production of the lightest chargino pair from gluon-gluon fusion is studied in the minimal supersymmetric model(MSSM) at protonproton colliders. We find that with the chosen parameters, the production rate of the subprocess can be over 2.7 femto barn when the chargino is higgsino-like, and the corresponding total cross section in proton-proton collider can reach 56 femto barn at the LHC in the CP- 
Introduction
The Minimal Standard Model(MSM) [1] [2] is a successful theory of strong and electroweak interactions up to the present accessible energies. Only the symmetric breaking sector of the electroweak interactions remains to be directly tested by experiments. The multi-TeV Large Hadron Collider LHC at CERN and the possible future Next Linear Collider(NLC) are elaborately designed in order to detect the symmetry-breaking mechanism and new physics beyond the MSM. At present, the supersymmetric extended model(SUSY) [3] [4] is widely considered as the theoretically most appealing extension of the MSM. Apart from describing the experimental data as well as the MSM does, the supersymmetric theory is able to solve various theoretical problems, such as the fact that the SUSY model may provide an elegant way to solve the deficiencies like the huge hierarchy problem, the necessity of fine tuning and the non-occurrence of gauge coupling unification at high energies.
Searching for SUSY particles directly in experiment is one of the promising tasks in the present and future colliders. The accurate measurements of the sparticle production processes can give us much information about the MSSM [5] . Among various processes involving sparticles, chargino pair production is one of the most important reference processes of the MSSM which may appear firstly in e + e − , γγ and hadron colliders. The analyses treating chargino pair production at the theoretical level are shown in references [6] [7] [8] [9] [10]. So far no experimental evidence for charginos has been found at LEP2, and only the lower bound on the lightest chargino mass mχ± 1 is given. Recent experimental reports show that the mass of lightest chargino may be larger than 90GeV [11] [12] [13] [14] , and this bound depends mainly on the sneutrino mass and the mass difference between the chargino and the lightest SUSY particles(LSP) theoretically.
The precise measurements of chargino pair production rates and chargino masses give the possibilities of measuring some gaugino, higgsino couplings and constraining the mass scale of squarks, which might not be in direct reach in colliders. Several mechanisms can induce the production of chargino pair at pp colliders. One is through the Drell-Yan mechanism of quark and antiquark, and another is by gluon-gluon fusion. Although the chargino pair production via gluon-gluon fusion is a one-loop process, the production rate can be significant due to the large gluon luminosity in hadron colliders. In this paper we concentrate on the capability of the lightest chargino pair production via gluon-gluon collisions at pp colliders in frame of the MSSM with full one-loop Feynman diagrams. The paper is organized as follows: In section II, we introduce some features of the model concerning in this work.
In section III we present the analytical expressions of the cross section for the subprocess gg →χ + 1χ − 1 . In section IV, we study the numerical results of the cross sections both for subprocess and parent process. Finally, a short summary is presented. In the Appendix, the relevant Feynman rules and some lengthy expressions of the form factors appearing in the cross section in section III are listed.
The relevant theory of the MSSM.
A. The chargino-sector of the MSSM.
In the MSSM theory the physical chargino mass eigenstatesχ ± 1,2 are the combinations of the charged gauginos and higgsinos. Their physical masses can be obtained by diagonalizing the corresponding mass matrix X [3] . In the CP-noninvariant MSSM theory, the mass term for charginos in lagrangian is
2)
The complex phase of gaugino mass parameter M SU (2) can be rotated away by field transformation, so we set M SU (2) to be real. µ is the higgsino mass parameter. The U, V are two 2 × 2 unitary matrices defined to diagonalize the matrix X to a diagonal matrix X D , namely,
where X D has non-negative entries. The two diagonal elements of this matrix can be expressed in a general form as [9] [15] , (2.5)
In above equations the ξ 1 and ξ 2 are arbitrarily chosen phases. It indicates the matrices U and V satisfying Eq.(2.3) are not unique, namely, some arbitrary phases may be introduced into the physical fields. But our analysis shows that they have no effects on the CP-odd observables. The explicit forms of the other mixing and phase angles depending on the Lagrangian parameters are given as [15] tan
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B. The squark-sector of the MSSM.
In the frame of the MSSM every quark has two scalar partners, the squarksq L andq R . If there is no left-right squark mixing in the squark-sector, the mass matrix of a scalar quark including CP-odd phases in the mass term of lagrangian, takes the following form [24] :
whereq L andq R are the current eigenstates and for the up-type scalar quarks, we have
For the down-type scalar quarks,
where
) is the charge of the scalar quark,M
D are the self-supersymmetry-breaking mass terms for the left-handed and right-handed scalar quarks, 
and
where the θ q is the mixing angle and φ q is the CP-violating phase. Then the masses of
In the CP-violating MSSM theory, there are several possibilities to introduce CP-odd phases [16] .
In our process, two CP-odd phases are involved, respectively appearing in the squark mass and chargino mass matrices. The detailed analyses of the present upper bounds on electron and neutron electric dipole moments may give constraints on CP-odd phase parameters indirectly [17] . But these constraints should be rather weak, since those results depend strongly on the assumptions which are used. Recently S.Y. Choi et al discussed the impacts of the CP-odd phase stemming from chargino mass matrix in the production of lightest chargino-pair in e + e − collisions at the tree-level [18] . In reference [15] [9] the effects from the CP-odd phases in the processes of the top quark pair and lightest chargino pair productions in γγ collisions at one-loop level in frame of the CP-violating MSSM, are investigated. There all the relevant CP-odd complex phases are kept and the CP-violating effects are studied without any extra limitations on CP-odd phases for the general discussion. In this work we shall investigate the CP-odd effects in the same way as in previous works [15] [9].
C. The Higgs-sector of the MSSM. 
with the leading corrections being characterized by the radiative parameter ǫ
The parameter m 2 t = mt 1 mt 2 denotes the average squared mass of the stop quarks. The mixing angle α is fixed by tan β and the Higgs boson mass m A 0 , tan 2α = tan 2β m
3. The calculation of subprocess gg →χ
The process producing the lightest chargino pair via gluon-gluon collisions can only be induced through one-loop diagrams. In this case it is not necessary to consider the renormalization at one-loop level and the ultraviolet divergence should be canceled automatically if all the one-loop diagrams in MSSM are included. In this work, we perform the evolution in the t'Hooft-Feynman gauge. The generic Feynman diagrams contributing to the subprocess gg →χ In this work, we denote the reaction of chargino-pair production via gluon-gluon collisions as:
We write the corresponding matrix element for each of the diagrams in Fig.1 in the form according to their Lorentz invariant structure:
with 
Since the amplitude parts from the u-channel box and triangle vertex interaction diagrams can be obtained from the t-channel's by doing exchanges shown as below:
Then only the explicit t-channel form factors f The cross section for this subprocess at the one-loop order in unpolarized photon collisions can be obtained byσ
3)
β. The bar over sum notation means that we are doing average over initial spins and colors.
Numerical results and discussions
In this section, we present some numerical results of the total cross section from the full one-loop diagrams involving virtual (s)quarks for the subprocess of gg →χ 
where α s (m Z ) = 0.117 and n f is the number of active flavors at energy scale µ.
We take the numerical values of the MSSM parameters in CP-conserving case which are also acceptable in the frame of the Minimal Supergravity (mSUGRA) model, since the mSUGRA is the simplest and most fully investigated model. It assumes that the boundary conditions are set at M U . The ranges of the model parameters should be constrained by the evolution to low energies andσ(φ µ ) =σ(2π + φ µ ) for the curves ofσ versus φ µ , respectively. All the two CP phase angles affect the cross sections obviously, but the effects from the phase angle φ q are a little stronger than those from φ µ .
With the chargino pair production rate in gluon-gluon fusion, we can easily obtain the total cross section in pp collider, by folding the cross section of the subprocessσ(gg →χ
with the gluon luminosity.
where √ s and √ŝ denote the proton-proton and gluon-gluon c.m.s. energies respectively and dLgg dτ is the gluon luminosity, which is defined as
Here we used τ = x 1 x 2 , one can find the definitions of x 1 and x 2 in Ref. [22] and the energy scale µ is taken as µ = √ŝ . We adopt the MRS set G parton distribution function F g (x) [23] , and ignore the supersymmetric QCD corrections to the parton distribution functions for simplicity. The numerical calculation is carried out for the LHC at the energy around 10 ∼ 14T eV .
The cross section for the process of the lightest higgsino-like chargino pair production pp → gg →χ we can conclude that the chargino pair production via gluon-gluon fusion is competitive with the standard Drell-Yan production at the LHC and can be considered as a part of the NLO QCD correction to the Drell-Yan production process. In Fig.6 we can see that the production rate has the weak dependence on the c.m.s energy √ s for tan β = 4, but is strongly related to √ s for tan β = 40. The CP-violating effect in total cross section of the lightest chargino pair production in the LHC, is also obvious. The discrepancies between the total cross sections of the lightest chargino pair production predicted in the CP-conserving and the CP-violating MSSM at the LHC, are about 20% as shown in Fig.6 .
Summary
In this paper, we studied the pair production process of the lightest chargino via gluongluon fusion at the LHC. The numerical analyse of its production rates is carried out in the MSSM with typical parameter sets. The results show that the cross section of the lightest chargino pair production via gluon-gluon fusion can be over 2.7 femto barn and the cross section at a future LHC collider can be 6.2 to 56 femto barn for the higgsino-like chargino pair production. It shows clearly that the production rates in proton-proton colliders can be largely enhanced if the chargino is higgsino-like. We find that the chargino production via gluon-gluon fusion could be competitive with the standard Drell-Yan production in the LHC and can be considered as a part of the NLO QCD correction to the Drell-Yan production subprocess. Our calculation shows also that in some exceptional c.m.s energy regions of incoming gluons, where the resonance conditions are satisfied in the parameter space, we can see observable enhancement effects on the curves. We also investigated the effects of complex phases φ q in the squark mass matrices and φ µ appearing in chargino mass matrix in higgsino-like chargino case and found that the production rates in subprocess are sensitive to the CP-odd complex phases φ q and φ µ , but the effects from the phase angles φ q are stronger than those from φ µ . The effects from the CP-odd phase angles can be also demonstrated in the total cross section of the lightest chargino pair production in the LHC. Therefore it could be possible to get some information about these phase parameters, if we collected enough events statistically in searching for chargino pair via gluon-gluon fusion at the LHC. (1 ∓ γ 5 ) and 
where the notations defined above, which are involved in our calculation, are explicitly expressed as below:
We define the following notations in Higgs-quark-quark couplings:
The couplings of
respectively.
B. Form Factors.
As mentioned above, the amplitude parts from the u-channel box and triangle vertex interaction diagrams can be obtained from the t-channel's, so we present only the t-channel form factors for box and triangle diagrams. Since the form factors of the first and second generation (s)quarks are analogous to those of the third generation (s)quarks, here we list only the form factors of the box, triangle and quartic interaction parts for the third generation quarks and squarks. Actually we should take the sum of the form factors of each generation (s)quarks for the total form factors. In appendix, we use the notations defined in below for abbreviation.
In the following, the expression denoted as (t → b) means doing the replacements of Q t → Q b ,
The form factors in the amplitude of the quartic interaction diagrams Fig.1 (b) are expressed as:
The form factors in the amplitude from the t-channel triangle diagrams depicted in Fig.1(c) , are listed below: 
[−4C . The form factors of the amplitude part from t-channel box diagrams Fig.1 (a) are written as: In this work we adopted the definitions of two-, three-, four-point one-loop PassarinoVeltman integral functions as shown in reference [25] and all the vector and tensor integrals can be deduced in the forms of scalar integrals [26] .
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